A new mesophilic species of bacteria, for which the name Thermomonospora formosensis is proposed, is dbscribed. This organism is characterized by a white aerial mycelium, single, heat-sensitive warty spores on both aerial and vegetative mycelia, and chemotype IIYB cell walls. The type strain of Thermomonospora formosensis is strain C-36820 (= IF0 14204).
The monosporic actinomycete genus Thermomonospora was originally proposed by Henssen (5) . After many changes in the classification of Thermomonospora at the generic level, the definition of Thermomonospora became as follows. Thermomonospora comprises actinomycetes that form spores singly on the aerial mycelium or on both aerial and vegetative mycelia. The spores are heat sensitive and nonmotile and are enclosed within a thin fibrous sheath. The cell wall is type I11 (2, 3). A total of 10 species of Thermomonospora had been described by 1980, but Skerman et al. (17) selected only 4 species (Thermomonospora alba, Thermomonospora curvata, Thermomonospora mesophila, and Thermornonospora mesouviformis) for inclusion on the Approved Lists of Bacterial Names. Subsequently, McCarthy and Cross (9) showed that five species, T. alba, Thermomonospora chromogena, T. curvata, Thermomonospora fusca, and T. mesophila, are members of the genus Thermomonospora on the basis of numerical classification.
During a screening program for detection of antibiotic producers among rarely occurring members of the order Actinomycetales Buchanan 1917, we isolated a chemically, morphologically, culturally, and physiologically distinct strain of Thermomonospora, strain C-36820T (T = type strain), from soil collected in Taipei, Republic of China. This organism produces rifamycins (T. Hasegawa, S. Tanida, and M. Asai, Japan Kokai 59-71684, April 1984). In this report we provide data which support the recognition of a new species, for which we propose the name Thermomonospora formosensis.
MATERIALS AND METHODS
Bacterial strains. Strain C-36820T was isolated in Jllly 1981 by using conventional dilution techniques and a selective medium, starch-casein agar (18) supplemented with rifampin (12.5 pg/ml) and kabicidin (6.25 pg/ml), from a soil sample collected in Taipei, Republic of China. For comparative purposes, T. mesouviformis I F 0 14178T and T. mesophila I F 0 14179T were also studied.
Morphological characterization. The morphology of the spores and the morphology of the mycelia of the organism grown on water agar (6) at 28°C for 14 days were studied with a light microscope. For scanning electron microscopy, an agar block containing numerous spores on water agar was gradually dehydrated with increasing amounts of ethanol and finally dried by the critical point method (1). Each specimen was coated with evaporated gold and examined with a Hitachi model S-570 scanning electron microscope.
Cultural and physiological characterization. Strain * Corresponding author.
C-36820T was cultivated on various ISP media recommended by Shirling and Gottlieb (16) and on several media recommended by Waksman (17) . The strain was inoculated into 200-ml Erlenmeyer flasks containing 40 ml of tryptone-yeast extract broth (ISP medium l), and the flasks were incubated at 28°C on a rotary shaker (200 rpm). Cells were harvested after 4 days and washed several times with 0.1 M phosphate buffer (pH 7.0). The washed cells were used to inoculate the various media. Cultures were incubated at 28°C for up to 14 days and were observed after 7 and 14 days. The colors were compared with the colors in the Color Harmony Manual (7). The media used for physiological characterization of strain C-36820T were prepared by the methods of Waksman (18) and Shirling and Gottlieb (15) . Most cultures were incubated at 28°C for 14 days; cultures in milk-containing media were incubated at 37°C for 21 days, and cultures in gelatincontaining media were incubated at 24°C for 21 days. Carbohydrate utilization was determined by the method of Pridham and Gottlieb (14) . Temperature requirements for growth were determined on yeast extract-malt extract agar (ISP medium 2) by using a model TN-3 temperature gradient incubator (Toyo Kagaku Sangyo Co. Ltd.), an incubation period of 14 days, and a temperature range of 10 to 50°C. To determine heat resistance, spores were collected from water agar plates and suspended in 0.1 M phosphate buffer (pH 7.0). The suspension was totally immersed in a boiling water bath and diluted in phosphate buffer. The resulting dilutions were spread onto the surfaces of ISP medium 2 plates and incubated for 14 days at 28"C, and then the survivors were counted.
Chemdtaxonomic analyses. Whole cells were analyzed by the simple procedure of Hasegawa et al. (4), in which one or two colonies of the organism grown on ISP medium 2 and asparagine-Curdlan gel medium (0.5 g of asparagine, 110 g of Curdlan [Wako Pure Chemical Industries, Ltd.] 0.5 g of K2HP04, 0.2 g of MgS04, 0.01 g of FeS04, 1,000 ml of distilled water) were hydrolyzed with HCl by autoclaving. The hydrolysates obtained were immediately used for analysis by a thin-layer chromatography procedure. Deoxyribonucleic acids were prepared by the method of Marmur (10) . Guanine-plus-cytosine contents were determined by the thermal denaturation method (11) . Quantitative spectrophotometric analyses to determine the presence of dipicolinic acid by using hot ethanolic extracts of mature spores were performed by the method of Yamakawa et al. (19) . The characteristic peaks of this compound were reported located at 263, 270, and 278 nm (19) .
Susceptibility to antibiotics. The susceptibility of strain C-36820T to antibiotics was determined by placing susceptibility disks (Showa disks) on ISP medium 2 which had been seeded with a suspension of strain C-36820T. After incuba- tion for 1 week at 2 8 T , the diameters of the inhibition zones were measured.
RESULTS

Morphological characteristics.
The vegetative mycelium of strain C-36820T did not fragment into coccoid or bacillary elements during 14 days at 28°C. The aerial mycelium was simply branched. Single nonmotile spores on both aerial and vegetative mycelia were observed. Mature spores were globose and about 1.0 pm in diameter and had warty surfaces ( Fig. 1 and 2) .
Cultural characteristics. The cultural characteristics of strain C-36820T on various media are shown in Table 1 . In general, the vegetative mycelium was pinkish or light orange on organic or chemically defined media. The color of the aerial mycelium was white or pinkish white on ISP medium 2, tyrosine agar (ISP medium 7), and glucose-asparagine agar (Waksman medium 21). A soluble pigment was not present except on ISP medium 2, on which a pale yellowish brown pigment was produced.
Physiological characteristics. Strain C-36820T grew at temperatures between 23 and 41°C. A melanoid pigment was not produced on either ISP medium 7 or peptone-yeast extractiron agar (ISP medium 6). Gelatin was liquefied, and milk was peptonized, but starch was not hydrolyzed and nitrate was not reduced. D-Mannitol, D-glucose, soluble starch, D-galactose, and sucrose were utilized, but D-sorbitol, Larabinose, L-rhamnose, raffinose, D-mannose, maltose, trehalose, lactose, i-inositol, D-xylose, D-fructose, and glycerol supported poor or no growth. No growth occurred on media supplemented with more than 2% NaC1. The proportion of viable spores was reduced to less than 1 in 10,000 by heating in a boiling water bath for 5 min.
Susceptibility to antibiotics. As determined by the diffusion method, growth was inhibited by disks impregnated with Antagonistic products. Strain C-36820T produced rifamycins 0 and S.
Cell analyses. In whole-cell hydroly sates meso-diaminopimelic acid, galactose, glucose, and madurose were detected. The deoxyribonucleic acid contained 72.0 mol% guanine plus cytosine. Hot ethanolic extracts of spores of strain C-36820T did not give the characteristic spectrophotometric peaks of dipicolinic acid at 263, 270, and 278 nm (19) .
DISCUSSION
Cross and Goodfellow (2, 3) defined the genus Thermomonospora Henssen (5) as comprising those actinomycetes that form single, heat-sensitive spores on aerial hyphae alone or on both aerial and substrate hyphae and have walls containing meso-diaminopimelic acid but no characteristic sugars (wall chemotype IWC). In a summary of what is known about the pertinent chemotaxonomic characteristics of the actinomycete genera, Lechevalier and Lechevalier (8) stated that Thermomonospora has type B or C whole-cell sugars.
The formation of single spores on both aerial and vegetative mycelia, the heat sensitivity of the spores, and the type I11 cell walls place strain C-36820T in the genus Thermomonospora.
T. mesoirviformis (13) and T. mesophila (12) are listed as the mesophilic species of Thermomonospora on the Approved Lists of Bacterial Names (17) . We compared our culture of strain C-36820T with the type strains of these two species to assess differences in taxonomic properties. Strain C-36820T was compared with T. mesouv8ormis I F 0 1417ST under the same cultural conditions, and there were remark- able differences, because no or poor growth of T . mesouviformis occurred on all of the media used. This failure to grow may have been due to a lack of essential B vitamins (13) and to optimal growth at temperatures between 40 and 45°C (9) . In particular, the simple branched mycelia and warty spore surfaces of strain C-36820T ( Fig. 1 and 2 ) are very different from those of T. mesouviformis (13) . T. mesophila I F 0 14179T was quite different from strain C-36820T in chemical, morphological, cultural, and physiological characteristics (Table 2) . Therefore, we regard strain C-36820T as a new species, for which we propose the name Thermomonospora formosensis (for.mos'en.sis. L . adj. formosensis of Formosa [Republic of China]). Description of Thermomonospora formosensis sp. nov. Single spores are formed on both aerial and vegetative mycelia. Mature spores are heat sensitive, nonmotile, and globose with warty surfaces (diameter, about 1.0 Fm). Colonies are usually pinkish or light orange, depending on the medium, with or without white aerial mycelium. There is little to no soluble pigment. Gram positive. Type I11 cell walls and pattern B whole-cell sugars. The guanine-plus-cytosine con- Strain C-36820, the type strain of T. formosensis, has been deposited in the Institute for Fermentation, Osaka, Japan, as strain I F 0 14204. Because the species description given above is based on a single strain, it also serves as the description of the type strain.
